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Abstract 
In view of the features of complicated and difficult roadways, the present problems on rock bolting technique were analyzed, and 
the high pretensioned and intensive supporting theory was put forward. The initial supporting stiffness and strength of bolting 
system should be increased largely to control the dilatant deformation and maintain the integrity of surrounding rock. The high 
pretensioned and intensive bolt and cable system was developed, and the mechanical properties of the bolting components were 
obviously improved. This system has been successfully applied in the 1000m deep entries in Xinwen coal field, and the entries 
affected by intense mining activities in Lu’an coal field. The deformation of the entries was reduced by a big margin. This system 
provides an effective supporting form for complicated and difficult roadways.    
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1. Introduction 
With the increases of coal mining intensity and limit, the depth of roadways in underground coal mines in China 
is getting larger and larger with the maximum mining depth up to 1365m; geological conditions of the roadways 
become more and more complicated; and the locations, sections and stress states of the roadways tend to be 
unfavourable to their stabilities[1]. These trends of the roadway layout pose higher and stricter requirements to 
bolting technique. For this purpose, study and testing on the complete bolting technique have been carried out in 
several coal fields, and the research results have been utilized in different roadway conditions, and improved the 
supporting performance sharply[2-4]. At present, in China, the rate of bolting accounts for 60% in total roadways in 
many coal fields, even 100% in some coal fields. 
However, some problems are still present though great progress has been made in bolting technique. The 
supporting performance of high strength bolting is poor in deep and complicated roadways, and the bolting 
components are destructed severely. In general, the problems are summarized as follows: 
• Low supporting stiffness. The supporting stiffness is associated with pretensioned stress and anchorage types, 
and the high supporting stiffness can only be achieved by combination of high pretensioned stress with full-
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length anchorage. The spin moment to install bolts only amounts to 100-150N.m, or the pretensioned force is up 
to 15-20kN at most cases. 
• Low tendon strength for bolts and cables. For existing tendons used for high strength bolts, the yield strength is 
about only 335-400MPa, while the broken strength is about 500-600MPa. The diameter of cables is 15.2-
17.8mm, and the broken force is about 260-350kN. 
• Poor end thread quality. Poor thread quality will increase the frictional forces between the nuts and threads, and 
lower the transiting rate from the spin moment of nuts to pretensioned force of tendons. On the other side, the 
poor thread quality will also worsen the rear stress state, result in shearing, bending, rupture. 
• Devaluating surface proof components, such as plate, strap, and metal mesh. Straps with low strength and 
stiffness are commonly used to lower the cost of material, decrease the capability of surface proof and affect the 
total supporting performance. 
• High density of bolts. More bolts per square meter and more installing time, will bring down the rate of roadway 
advance. 
To solve the above problems, the high pretensioned and intensive supporting system was developed based on the 
relative supporting theory. 
2. High pretensioned and intensive supporting theory 
At present, there exist two different theories for supporting complicated and difficult roadways with high stresses 
and large deformation.  
2.1. Secondary supporting theory 
According to secondary supporting theory, supporting for roadways with high stresses and large deformation 
should be divided into two phases. The first supporting should permit the surrounding rock to deform and release the 
stress when the stability of roadways is secured; the second supporting should be installed to keep the long term 
stability of roadways at a definite interval. This theory has been widely accepted and applied, and very good 
performance has been obtained in some definite conditions. But this theory is facing more and more challenges with 
the increase of mining depth, and the additional complicated, geological and mining conditions. In roadways with 
depth up to 1000m, or roadways affected by intense mining activities, or cut by geological discontinuities, weak and 
broken rock zones, the deformation has been still unaccepted after secondary supporting, and the third or even 
fourth supporting had to be applied in some times, but the deformation could not be controlled for a long period.  
2.2. High pretensioned and intensive supporting theory ( primary supporting theory ) 
The essence of this theory is to increase the initial stiffness and strength of bolting by a large magnitude, control 
the displacement of surrounding rock, keep its integrity, and relieve the decrease of rock strength[5]. To avoid the 
secondary supporting and roadway maintenance, the high pretensioned and intensive supporting technique is applied, 
which should meet the conditions as follows: 
• The bolting system should have enough initial stiffness and strength. The pretensioned stress and its spreading 
effect will play the key role[6-8]. On one hand, keep the integrity of the total bolting structure; on the other hand, 
sustain the high anchorage forces in bolts and cables, moreover, spread the compressive stress into the rock. 
• The supporting system should have high extension rate, to allow the surrounding rock to deform to some extent, 
but the limit of displacement can not be exceeded during the service time. 
• Underground supporting practices should be readily carried out, adapting to the site management and favouring 
rapid advance. 
• The supporting system can lower the total cost of supporting and make it economically reasonable. 
Therefore, based on present bolting technique, developing high pretensioned and intensive supporting system is a 
viable option to tackle the problems of high stress and complicated roadways. 
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3. Materials for bolts and cables with high pretensioned stress and strength 
Coal Mining and Designing Branch, China Coal Research Institute, developed the high pretensioned and 
intensive supporting system, including intensive bolts, low viscosity and high strength resin capsule, high strength 
strap, and intensive cables. 
3.1. Intensive bolts 
3.1.1. Shape and size of tendons 
The design of tendon shape should follow four rules: first, reasonable margin between the tendon and borehole to 
put tendons into boreholes readily; second, favourable for the high bond capacity and performance; third, spreading 
the force evenly along the tendon; fourth, high pretensioned stress to be easily exerted on the rear part. At present, 
the tendon, with left-spin thread and without raised axial ridge, can meet the above four rules, and be an ideal option 
for the current supporting system. The tendon is about 22-25mm in nominal diameter, 2.0-3.0m long. 
3.1.2. Materials for tendons 
In general, the materials for tendons used by foreign companies have yield strength about 400-600MPa, or even 
more, and broken force about 200-300kN. In the US, the products have yield strength about 414-689MPa and 
broken strength about 621-862MPa[9]. In UK, the products have yield strength about 640-720MPa. In Australia, the 
high strength tendon of 22 mm in diameter has broken force about 240kN[10], and the super strength tendon of 22 
mm in diameter has broken force about 340kN. 
To reach and exceed the standard of foreign materials, the special steel formulas for bolts were developed to meet 
the supporting requirements of complicated roadways, and some formulas like BHRB500, BHRB600 can be used 
for intensive bolts (shown in table 1). Fig.1 shows the tensile load and displacement curve of φ25 mm bolt. 
Table 1． Mechanical performance of steel for intensive bolts 
Type Nominal diameter (mm) Yield strength (MPa) Tensile strength (MPa) Extension (%) 
BHRB500 22-25 500 670 18 
BHRB600 22-25 600 800 18 
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Fig. 1. Tensile load-displacement curve for intensive bolt 
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For the BHRB600 tendon with diameter of 22 mm, its yield force amounts to 228.1kN, and its broken force is up 
to 304.1kN, about 1.79 and 1.73 times of the common civil steel with the same diameter, respectively. The 
pretensioned force can amount to 100 kN for intensive bolts. 
3.1.3. Auxiliary parts 
Besides the tendons, nuts and plates fitting for the tendons were developed. To reduce the frictional force 
between the plate and the nut, and to transform spin moment into pretensioned force at most, the anti-friction washer 
was also developed. 
3.2. Low viscosity and high strength resin capsules 
With the following characteristics: high strength, short cure time, high reliability, resin capsules have been 
widely used for rock bolts. But the defects of existing resin capsules are also evident, such as high viscosity, coarse 
grain, high mechanical resistance, unfitness for full encapsulation. To this end, low viscosity and high strength resin 
capsules were developed by lowering the resin viscosity, applying the fine rock powder as skeleton, and using high 
aggregating resin, and such resin capsules can reduce frictional resistance during spinning, and solve the problems 
of installing the bolts with extensive or full encapsulation. 
The fast and slow cure resin capsules should be used together. The fast capsule solidifies earlier, pretensioned 
force is exerted immediately, then, the slow capsules solidify, the full length pretension can be realized and the 
supporting effects can be improved.  
3.3. High strength strap 
Strap is a key part in the high pretensioned and intensive supporting system, and plays an important role to spread 
the pretensioned force and resistance of bolts, expand the span of action of bolts and increase the total supporting 
capacity. 
W strap is formed by several courses of rolling and cold bending. W strap protects larger surface area, provides 
high strength and stiffness, and shows good performance as a bolting component. The main shortcoming of W strap 
is as follows: when W strap is thin and the stress is high, the plates may perforate W strap, causing shearing failure 
or rupture in it. 
To match the mechanical performance of intensive bolts, the high strength W strap was developed: one approach 
is to increase the thickness of strap, from 2.5-3mm to 4-5mm, and increase the broken load to 500kN; the other is to 
select steel with higher strength without changing the dimensions of the strap. 
3.4. Intensive cables 
3.4.1. Strands for cables 
Strands with high extension rate and super strength were developed for coal mines, aiming at the problems of the 
cables with small borehole. The strands are made from a new type: 1×19 form. To match the supporting strength and 
practice arts, a series of strands with different diameters, φ18mm, φ20mm, and φ22mm, were developed, and the 
last two types belong to intensive cables. The mechanical performances are listed in Table 2. The laboratory load-
displacement curve of φ22mm cable is shown in Fig.2.  
Table 1. Mechanical performance of cables 
Nominal diameter (mm) Broken load (kN) Extension (%) 
18 408 7 
20 510 7 
22 607 7 
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Fig. 2. Tensile load-displacement curve for intensive cable 
For the strand with diameter of 22mm, the broken load is above 600kN, and the extension rate amounts to about 
7%. These results are clearly better than that of the strand (1×7 form) with the same diameter. The pretensioned 
force can reach 300kN. 
3.4.2. Plates for cables 
There are several types of plates for cables. Flat plates are most commonly used, another type of plates is made of 
channel steel (type 12#, 14#), but these two types of plates have poor mechanical performances. When the 
pretension or the load on cables is high, flat plates often warp around their perimeter, the load capacity reduces 
sharply; the plates made of channel steel readily deform and distort, in some cases are perforated to cause the cable 
failure. To overcome the above defects of plates, the domed-shape plate, with three dimensions of 300×300×16 mm, 
was developed, including a center-adjusted washer. On one hand, this new product increases the load capacity to 
match the intensive cables; on the other hand, the plate allows the adjustment of its center to improve the mechanical 
performance, and fully exercise the capacity of cables.  
4. Site applications of high pretensioned and intensive supporting system 
The high pretensioned and intensive supporting system was applied to solve the problems of deep and mining 
affected entries in Xinwen and Lu’an coal field since the system has been developed. 
4.1. Application of intensive bolts in 1000m deep entry in Xinwen coal field 
4.1.1. Geology and production conditions 
The test site is located at 1202E haulage entry in Xiezhuang coal mine, Xinwen coal field. The entry runs along 
the roof of the coal seam No.2, average 2.4m thick, with uniaxial compressive strength of 12MPa, and a dip of 20°-
26°. The immediate roof is sandy shale, 2.4m thick, with uniaxial compressive strength of 35-40MPa. The depth of 
the entry is 1150-1200m. The maximum horizontal main stress is 34.60MPa with the direction of N12.5°E, and the 
minimum horizontal main stress is 17.89MPa. The stress level is high, and the horizontal stress takes the clear 
advantage. The section area of the entry is 11.1m2 with a mean height of 3m and a width of 3.7m.  
4.1.2. Design of supporting pattern 
The high pretensioned and intensive bolting system is applied. The bolt, with left-spin thread and without raised 
axial ridge, is 25 mm in diameter, 2.4 m long, with a broken limit of 400 kN. The bolt is extensively encapsulated, 
with an initial tensile force of 80kN. W strap, with thickness of 5mm and width of 280mm, is applied. The roof and 
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two sides are covered by steel meshes. The row spacing is 1.0m, with 12 bolts in each row. The spacing between 
roof bolts is 900mm, and the spacing between bolts in upside is 1100mm, and that between bolts in downside is 
800mm. 
4.1.3. Analysis on underground monitoring data 
After applying the new supporting pattern, the roof-to-floor convergence was281 mm, and the side-to-side 
convergence was 173mm; the roof sag was 40mm, and the floor heave was 241mm. These results decreased by 
69.8%, 77.8%, 79.5%, 67.2% respectively, compared with the monitoring results from the old supporting pattern. 
The displacements of rock surrounding the entry decreased sharply. The roof separation from the new supporting 
pattern was about 5% of the result from the old supporting pattern. It clearly shows the high pretensioned and 
intensive supporting system can effectively control the severe deformation of rock around the deep entry.  
4.2. Application of intensive cables in entry affected by strong mining activity in Lu’an coal field 
Because of the requirements of continuous heavy mining production in Zhangcun coal mine, Lu’an coal field, 
some entries for next mining face must be prepared before the adjacent mining face was recovered, and these entries 
have to run in the opposite direction to the active mining face, and will be strongly affected by the mining activity. 
These entries will be affected by the abutment stress before the adjacent and local mining face, the stress caused by 
heading and mining, and the stress redistributed in the gob areas. 
4.2.1. Geology and production conditions 
The testing entry, belonging to the face 2203, is used for gas discharge with depth of 325-396m. The uniaxial 
compressive strength of the coal seam is about 8MPa. The immediate roof is a layer of mudstone, 3.62m thick. The 
adjacent active face is the face 2202, and most part of the testing entry is excavated before the recover of the face 
2202, and will affected by the mining of the face 2202 and the face 2203 in the near future. 
4.2.2. Design of supporting pattern 
The total section of the entry is reinforced by intensive cables. The cables are 1×19 strands with the diameter of 
22mm and 4.3m long. As soon as the inner end is anchored with resin capsules, the pretensioned force should be 
installed and then the rest part of cable should be encapsulated with cement slurry. The plate for cables, center-
adjusted and designed specially for infusing slurry, has the dimensions of 300×300×16mm. The roof and sides are 
covered by steel meshes. The spacing between roof cables is 1.2 m; 5 cables are needed for each row; the spacing 
between cables is 900mm at the same row. The cables are installed vertical to the roof surface. The spacing between 
side cables is 1.2m; 3 cables are needed for each row. The cables are installed vertical to the side surface. The 
pretensioned force to be installed for cables is 200-250kN. 
4.2.3. Analysis on the underground monitoring data 
The maximum side-to-side convergence was 260mm, and the maximum roof-to-floor convergence was 160mm, 
and no obvious separation was shown in roof. The strong stress change around the entry was shown in the rear of 
face 2202, and the side-to-side convergence changed sharply. The supporting status of the entry is shown in Fig.3. In 
general, the displacements are small, and new supporting pattern reduces by 90% of the displacements compared 
with the old one. The integrity and stability of surrounding rock is kept, and the performance of the new pattern is 
good. 
The side cables bear more load than the roof cables, and the maximum load is up to 512kN. It is obvious for 
entries affected by strong mining activities, the total section of entries should be reinforced by cables, i.e., the roof, 
two sides, even the floor should be supported fully by cables. From the changing trend of the bearing load monitored 
from cables, it shows the loads of cables do not change obviously with the heading and adjacent mining activity 
after the high pretensioned force is installed. Therefore, the pretensioned force of 200-250 kN is reasonable. 
5. Conclusions 
 
484 2009) 479–485K. Hong-pu et al. / Procedia Earth and Planetary Science 1 (
 Fig. 3. Supporting status of entry reinforced by full section cables 
The defects of existing rock bolting lie in low stiffness, low strength, poor quality, and little attention paid to the 
components, such as plates, straps, and metal meshes, which result in high bolting density and poor supporting 
performance in complicated roadways. 
The initial supporting stiffness and strength of bolting system should be increased largely to control the dilatant 
deformation, maintain the integrity of surrounding rock and keep the strength of the rock and coal seam. The high 
pretensioned and intensive supporting system is a viable approach to solve the supporting problems of complicated 
roadways. 
Compared with the existing bolts and cables, the intensive bolts and cables improve the mechanical performance 
sharply. The intensive bolts and cables, low viscosity and high strength resin capsules, the high strength straps, and 
steel meshes together make up the high pretensioned and intensive supporting system. 
The high pretensioned and intensive supporting system has effectively controlled the displacements of 
surrounding rock and roof separation in 1000m deep entries, and the entries affected by strong mining activities. The 
displacements can decrease by 70-90%, and the roof separation can be reduced to only 5-10% of the original value, 
even no separation monitored and the supporting status has essentially changed. 
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